The expression of bovine interferon-gamma (IFN-γ) and interleukin-2 (IL-2) in the late stage of the lactation period in milk cells was detected with reverse transcriptase-polymerase chain reaction (RT-PCR). IFN-γ was detected with all primer concentrations, 0·2, 0·5 and 1 µM. IL-2 however, was faintly detected only with 0·5 µM primer concentration. It was shown that IFN-γ mRNA expression can be demonstrated clearly with RT-PCR at the late stage of the lactation period. In contrast, IL-2 was weakly expressed at this stage of the lactation period. The work is important for substantiating the therapeutic use of recombinant bovine IFN-γ and IL-2 and for helping to reveal the activity of cytokine in the mammary gland at the late stage of the lactation period.
TREATMENT of bovine mastitis and the enhancement of mammary gland immunity with recombinant cytokines has become a popular area of research in recent years. Treatment of mastitis that was caused by Staphylococcus aureus with recombinant interleukin-2 (IL-2) and interferon-gamma (IFN-γ) produced promising results (Reddy et al 1992 , Quiroga et al 1993a . On the other hand, infusion of normal mammary gland with recombinant IL-2 and IFN-γ were of significant impact in enhancing the mammary gland resistance to mastitis (Quiroga et al 1993b; Pighetti and Sordillo 1996, Erskine et al 1998) .
The expression of IL-2 and IFN-γ in the bovine mammary gland in health and disease were explored by reverse transcriptase-polymerase chain reaction (RT-PCR) (Okada et al 1997 , Taylor et al 1997 . Okada et al (1997) , have shown the expression of IL-2 and IFN-γ and several other cytokines in the mammary cell culture. On the other hand, Taylor et al (1997) did not detect any IL-2 mRNA, while IFN-γ mRNA was expressed in all tested samples. However, IL-2 mRNA was clearly detected in cows with mastitis.
The aim of this work was to explore the extent of IL-2 and IFN-γ mRNA expression during the late stage of the lactation period. There was certain evidence that bovine mammary gland is less resistant to infection during the last stage of the lactation period (Oliver and Mitchell, 1983 , Oliver and Bushe 1987 , Park et al 1992 , Erskine et al 1998 .
MATERIALS AND METHODS

Milk
One litre of composite milk samples was taken from healthy cattle at the last milking of their lactation period.
The samples were run at 700 g for 20 minutes. The cells were then pelleted and washed in PBS twice.
RNA extraction
A total of 2×10 6 milk cells were used for mRNA extraction. The extraction was performed using Qiagen poly A + RNA purification kit (Qiagen Ltd, Valencia, CA, USA). The procedures were carried out according to the manufacturer's directions.
RT-PCR
A total of 2 µl of 10 ng mRNA was reverse transcribed using 20 µl reverse transcription reaction mixture containing a final concentration of 5 mM MgCl 2 , 1× PCR buffer, 1 mM of each of dGTP, dATP, dTTP and dCTP, 2·5 U µl -1 of Molony murine leukaemia virus reverse transcriptase (Gene Amp ® RNA PCR kits, Perkin Elmer Applied Biosystems, Branchburg, NJ, USA). The mixture was incubated at 42°C for 15 minutes heated to 99°C for 5 minutes and maintained at 5°C for 5 minutes.
PCR amplification of the cDNAs was carried out according to the method of Ito and Kodama (1996) 
Agarose gel electrophoresis
(TAE) buffer (pH 8) (40 mM Tris-acetate, 1 mM EDTA) containing 0·5 µg ml -1 ethidium bromide (Sigma Chemical Co.). The samples, 100 bp DNA ladder marker (Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA) and plasmid pAW109 derived cDNA with 308 bp product supplied with the Gene Amp ® RNA PCR kit was used as an extra marker to determine the approximate size of IFN-γ and IL-2 cDNA, were first mixed with 6 × gel loading buffer (0·25 per cent bromophenol blue, 0·25 per cent xylene cyanol FF and 30 per cent glycerol in water) then run in 1 × TAE buffer at 80 V for 90 to 120 minutes. The gel was then visualised with an ultraviolet illuminator and photographed.
Primers
Upstream and downstream primers of bovine (IL-2 and IFN-γ sequences are listed in Table 1 ). The sequences were the same as those adapted from Ito and Kodama (1996) . The primers were synthesised by Life Technologies (Melody Savea, USA).
RESULTS
Gel electrophoresis of the RT-PCR product revealed bands with approximately 270 bp cDNA for different IFN-γ primer concentrations (1 µM, 0·5 µM and 0·2 µM). However, only cDNA that was amplified with 0·5 µM of IL-2 primers was faintly expressed (Fig 1) .
DISCUSSION
The RT-PCR technique has been found to be useful in the examination of cytokine mRNA expression in bovine mammary gland (Okada et al 1997 , Taylor et al 1997 . In this study, RT-PCR was used to investigate the expression of IL-2 and IFN-γ mRNA in dairy cattle at the end stage of the lactation period. The expression of IFN-γ mRNA was in agreement with the findings of Taylor et al (1997) . IL-2 expression, however, was detected at very low levels, as also reported previously (Taylor et al 1997 ).
It appears that IFN-γ mRNA is expressed at higher levels than that of IL-2. This is probably due to the limited cellular sources that produce IL-2. It was suggested that cells reaching the mammary gland were terminally differentiated and no longer capable of producing IL-2 (Taylor et al 1997) . The ratio of CD4 + CD8 + in mammary gland secretion of dairy cattle at different stages of the lactation was studied by immunoflourescent cytometry (Asai et al 1998) . It was shown that CD4 + cells were less capable in producing IL-2 at different stages of lactation compared to those isolated at the non-lactation stage (Asai et al 1998) . In our recent study of IL-2 mRNA using real time PCR low expression at the late stage of the lactation period was shown (unpublished data).
Exploiting cytokine expression in the bovine mammary gland, particularly IL-2 and IFN-γ, is necessary in defining their role in mammary gland defences. Furthermore, exploring the expression of IFN-γ and IL-2 is vital in substantiating recombinant cytokine therapy in bovine mastitis. Although treatment of mastitis with recombinant bovine IL-2 and IFN-γ have been promising in increasing the resistance to mastitis, (Reddy et al 1992 , Quirogo et al 1993a , b, Pighetti and Sordillo 1996 , Erskine et al 1998 , their role and level in the late stage of the lactation period need to be studied further. Hence, quantification of IFN-γ and IL-2 is of vast importance in establishing their role in the normal and mastitic bovine mammary gland. 
